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 A B S T R A C T 
Pneumonia is the respiratory infection disease, which is influenced by climatic 
variables and air quality. However, little is known how rainfall and air humidity 
influence on the disease situated in a high traffic density such as in Bogor, 
Indonesia. The research aims to analyze the influences of rainfall, air humidity, 
and air pollution on the incidence rate of pneumonia under 5-year old 
children in Bogor. We used statistical approaches namely correlation and 
principal component analysis and combined with chart analysis to identify the 
influences. Our results revealed that high rainfall (high relative humidity) 
improved air quality by lowering the concentration of particulate matter. But, 
the indoor microorganism growth would increase, therefore it affects the 
incidence rate of pneumonia under 5-year old children, especially in transition 
season from wet to dry. In dry season, high concentration of particulate matter 
in the air would increase the incidence rate of pneumonia. Other findings 
showed that climate (through humidity) and particulate matters have 
regulated the pneumonia incidence rate in Bogor. The rate was higher under 
high humidity. On other hand, in transition from dry to wet season, 








air pollution, humidity, particulate matter, principle component analysis, rainfall 
INTRODUCTION 
Pneumonia is an acute respiratory infectious 
(ARI) disease that infect humans from infants to adults. 
This disease is categorized as ARI with high severity, 
which infects the lungs tissues (lower respiratory tract). 
Based on WHO report, there were almost four million 
deaths worldwide caused by ARI each year, and 98% of 
them are caused by pneumonia (WHO, 2014). 
Biologically, children under 5-year old (toddlers) have a 
higher risk of pneumonia compared to adults. This is 
caused by the immature immune system and the 
absence of antibodies to fight the microorganisms 
causing pneumonia infection in toddlers (Popovsky and 
Florin, 2020; Rodrigues and Groves, 2018; Widoyo, 
2016). On the contrary, adults have already developed 
a matured immune system. Adults who had been 
infected with pneumonia during their toddler may have 
natural antibodies, which is able to minimize the risk of 
a second infection (Quinton et al., 2018). In addition, 
toddlers more have physical contacts with peers in their 
neighborhood resulting in an even higher risk to be 
infected by pneumonia (Sidiq et al., 2016). Toddlers’ 
mobility is lower compared to adults, thus performing 
identification of pneumonia infection’s spread in a 
certain area will be easier when using the toddlers’ 
pneumonia case. 
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Pneumonia infection is caused by micro-sized 
viruses, bacterias, and fungi. These microorganisms 
spread through the air, with the transmission occurs 
when viruses and bacterias released by pneumonia’s 
infected person during coughs or sneezes are 
accidentally inhaled by a non-infected person (Mathew, 
2018; Nathan et al., 2020). The transmission may 
escalate when the suitable environment met (Putra and 
Wulandari, 2019; WHO, 2014). Two environmental 
factors affecting the survival of pneumonia pathogens 
are weather conditions, (Chowdhury et al., 2018) and air 
quality (Particulate Matters) (Vodonos et al., 2016).  
Previous studies revealed that the presence of 
PM2.5 and PM10 in the atmosphere could aggravate the 
air quality (Turyanti and Chaerunnisa, 2017), and further 
increased the number of people with ARI’s symptoms 
(Turyanti, 2011) including pneumonia, which had been 
registered in health services. Other studies confirmed 
the relation between PM2.5 to the incidence rate (Mehta 
et al., 2013). One study also reported that PM10 
concentration in the atmosphere was correlated to the 
incidence of upper respiratory tract infections in Hong 
Kong (Tam et al., 2014). The number of pneumonia 
cases in children under five registered in 41 
metropolitan Atlanta hospitals and Georgia hospitals 
was also associated with an increasing concentration of 
pollutants from motor vehicles, including PM2.5 (Darrow 
et al., 2014). Based on this information, identification of 
the relationship between air quality and climatic 
variables with the incidence rate of pneumonia cases is 
important, especially in urban areas such as Bogor.  
Based on INRIX 2019 Global Traffic Scorecard (a 
research institution and transportation agency), Bogor 
is in the 5th position as the most congested city in 
Indonesia. Congestion is closely related to increasing 
concentrations of pollutants in the atmosphere, 
including PM2.5 and PM10 (Aida et al., 2019; Turyanti and 
Santikayasa, 2006), which can also lead to increasing 
ARI potential incidence (Pedde et al., 2017) including 
pneumonia (Chang et al., 2018). The climatic conditions 
in Bogor can either support or limit the potential of the 
disease. Bogor, which is located near the hillside of Mt. 
Gede Pangrango and Mt. Salak, has a fairly high annual 
rainfall and quite warm air temperatures (Hidayat and 
Farihah, 2020). These climatic conditions can support 
the survival of pneumonia pathogens (Sohn et al., 2019), 
thus potentially increase the pneumonia incidence. 
However, the concentration of pollutants in the 
atmosphere from traffic density and other activities will 
be decreased due to the deposition by rain (Kwak et al., 
2017), which otherwise lowers the potential for 
pneumonia incidence.  
Based on these environmental elements, this 
study examines the relationship between climatic 
variables, PM concentration in the atmosphere, and the 
number of pneumonia incidence in Bogor. More 
specifically, this study aims to: (1) identify the 
relationship between environmental factor (climatic 
variables) and PM concentrations in the atmosphere, 
and (2) analyze the influence of climatic variables and 
PM concentrations on pneumonia incidence. As a case 




This study required daily data of pneumonia 
incidence under 5-year old children in Bogor for the 
2017-2019 period. The data was obtained from ten 
public health centers spread across Bogor. Other data 
were needed especially daily PM2.5 and PM10 
concentration data, and daily meteorological data 
including air temperature, humidity (RH), and rainfall 
for the 2017-2019 period in Bogor. The latter data were 
obtained from the Centre for Climate Risk and 
Opportunity Management in Southeast Asia and Pacific 
(CCROM-SEAP) IPB, which was collaborated with 
National Institute for Environmental Studies (NIES) 
Japan. Each analysis process was executed using data 
processing software namely Minitab 18 and Microsoft 
Excel. 
Analysis of the Climatic Variables Influence on PM 
Concentrations 
The relationship between PM and climatic 
variables was analyzed using correlation analysis with a 
confidence level of 95% or a p-test result value of <0.05. 
Correlation analysis was conducted to determine the 
degree of association and direction of the relationship 
between the X (independent) variable and the Y 
(dependent) variable. The correlation analysis was 
calculated based on the Pearson correlation coefficient 
in Equation (1). 





   (1) 
where 𝑟 pearson correlation coefficient, 𝑥𝑖  climatic 
variables (rainfall, temperature, and relative humidity), 
?̅?  average of climatic elements, 𝑦𝑖  pollutants 
concentration (PM2.5 and PM10), ?̅? average of pollutants 
concentration. 
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Figure 1. Study area with public health center distribution and sub-districts infected with pneumonia (based on 
patient address). 
Analysis of the Relationship between Pneumonia 
Incidence, Climatic Variables, and PM 
Concentration 
We assumed that the number of pneumonia 
infection cases represented the ratio of all pneumonia-
infected children over time. The relationship between 
climatic variables and PM concentration on pneumonia 
incidence was analyzed using Principal Component 
Analysis (PCA) and visualized in a 3D-surface plot using 
Minitab 18 software. PCA eliminated the 
multicollinearity between climatic variables and PM 
concentration which occurred because both variables 
were not linearly independent. The climatic variables 
and the PM concentration data were first standardized 
to be on the same scale. PCA was then performed on 
the standardized data in Minitab 18 using the 
covariance matrix type (considering both variables 
were already in the same size). The proportion results 
described each principal component (PC), which 
represented the data diversity. The number of principal 
components used subjectively depends on the 
proportion that was considered sufficient to capture 
the data structure. The equation of the relationship 
between pneumonia incidence and the PCs was 
expressed in linear regression, where the outcoming 
PCs were a combination of climatic and PM data which 
also weighted following the values in the Eigenvector 
table. PCs in the regression equation result was then 
transformed back into the anomalies data of climatic 
and PM variables which resulted in linearly 
independent regression form of the relationship 
between the pneumonia incidence to standardized 
climatic and PM data. The anomalies data of climatic 
and PM variables in the equation was also transformed 
back into the previous climatic and PM data form by 
substituting the average of the climatic and PM 
variables in the anomaly (Equation 2). 
𝑑 =  𝑑𝑎𝑛 + ?̅?    (2) 
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where 𝑑 is the variable, 𝑑𝑎𝑛 is the variable anomalies in 
the regression equation, and ?̅? is the average value of 
the variable. 
RESULTS AND DISCUSSIONS 
PM2.5 and PM10 Concentration in Bogor 
Exposure to pollutants, such as Particulate 
Matter (PM) can aggravate respiratory infections. PM is 
a mixture of solid particles and droplets that come from 
emissions from various sources with varying sizes, mass, 
and chemical compositions. PM consists of various 
pollutants such as sulfate, nitrate, ammonia, sulfur, 
chloride, black carbon, and mineral dust. PMs with 
different sizes will also react differently in the 
atmosphere. The aerodynamic differences in PM will 
also differentiate its transmission and elimination 
processes in the atmosphere (McLoughlin et al., 2019; 
Satsangi and Agarwal, 2019).  
The monthly concentrations of PM2.5 and PM10 in 
Bogor from 2017 to 2019 had a similar pattern. The 
average concentration of PM2.5 and PM10 in the wet 
season which represented by DJF (December-January-
February) months were 14 µg/m3 and 38 µg/m3 with a 
smaller concentration range, while the average 
concentrations in the dry season which represented by 
the JJA (June-July-August) months were 35 µg/m3 and 
71 µg/m3 with a wider concentration range (Figure 2). 
The wide range and extreme values of PM 
concentration in the dry season were the results of the 
inconsistent daily amount of rainfall which at some 
point was high but occasionally there was none (Figure 
2-rainfall). PM concentration during the dry season in 
Bogor reached up to twice as high as the average PM 
concentration during the wet season, which 
correspondence with Nishihashi et al. (2019) research.  
According to the monthly average data 
presented in the scatter plot (Figure 3), relative 
humidity and PM concentration were significantly 
correlated with a 95% confidence level, namely -0.76 
for PM2.5 and -0.71 for PM10. Rainfall and PM 
concentration was also significantly correlated, namely 
-0.44 for PM2.5 and -0.38 for PM10. Air temperature and 
PM concentration were significantly correlated with a 
positive correlation namely 0.43 for PM2.5 and 0.37 for 
PM10. These values indicated that the concentrations of 
PM2.5 and PM10 will be low if the rainfall and humidity 
were relatively high but tend to be high if the air 
temperature was also high. 
PM concentration was high during the dry 
season due to the low amount of rainfall and humidity 
and vice versa. A high amount of rainfall and high 
humidity will escalate the wet deposition process which 
is the most effective mechanism for cleaning the 
atmosphere (Ruchiraset and Tantrakarnapa, 2020). 
 
Figure 2. Boxplot of monthly concentrations of PM2.5, PM10, and rainfall in Bogor for 2017-2019.
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Figure 3.  Relationship of weekly PM averages with climate factors in 2017-2019. 
Another factor that can increase the 
concentration of PM during the dry season is high 
surface temperature and high air temperature which 
results in lower air density thus PM is more easily lifted 
from the surface and floats in the air and accumulates 
due to atmospheric circulation (Zalakeviciute et al., 
2020). 
Pneumonia Incidence, Climatic Variables, and PM 
Concentration 
The total number of pneumonia incidence in 
children under five registered in ten health centers for 
the 2017-2019 period in Bogor was 2,380 from a total 
population of 94,902 in 2018 (around ±2.5% of the total 
toddler’s population in three years). Pneumonia 
incidence in Bogor showed an increasing trend from 
2017 to 2019, with the highest rate arisen in 2019 
(Figure 4e). The highest incidence of pneumonia 
occurred from wet season to transitional season from 
wet season to dry season which was in February and 
March. The peak incidence of pneumonia occurred 
during the dry season in July 2017 and 2019, also 
during the transitional season from dry to wet season 
which was in October 2018 with a lower peak compared 
to those in the wet season. This case will then become 
the basis for analysis of the pneumonia incidence 
categorized by season, which divided into the wet 
season in December-January-February (DJF), the 
transition from the wet to the dry season in March-
April-May (MAM), the dry season in June-July-August 
(JJA), and the transition from the dry to the wet season 
in September-October-November (SON).  
The pneumonia incidence in December to May 
had the same pattern as rainfall and relative humidity 
but had the opposite/inverse pattern to PM and air 
temperature. The pneumonia incidence from 
December to May occurred when rainfall and humidity 
increased (Figures 4a and 4d), which was in line with Ike 
and Mbonu's (2019) research, and when PM 
concentration and air temperature decrease (Figures 4b 
and 4c). On the contrary, the incidence of pneumonia 
in June to November has the same pattern as PM 
concentration and air temperature but has the 
opposite/inverse pattern to rainfall and air humidity. 
The incidence of pneumonia from June to November 
occurred when PM concentration and air temperature 
increases, while rainfall and humidity decreases, which 
was in line with Cahyadi et al. (2016) research. 
The correlation between pneumonia incidence 
with climatic variables and PM concentration had the 
most statistically significant value in the transitional 
season. The correlation coefficient showed that 
pneumonia incidence in the MAM months was not only 
had a statistically significant negative correlation with 
air temperature, PM2.5, and PM10 but also had a 
significantly positive correlation with rainfall. At SON 
months, the pneumonia incidence was not only had a 
significantly positive correlation with PM2.5, and PM10 
but also had a significant negative correlation with 
relative humidity (Table 1). The correlation value was 
calculated in a weekly period assuming that pneumonia 
symptoms became visible and hospital visits were 
carried out within a week. The correlation value 
obtained was low, arguably because there was a 
possible lag/gap between climatic variables and PM 
with the time the patient visits the hospital. Either 
climatic variables and PM can be combined and lead to 
cause pneumonia, but the mechanism will be vary 
depending on which was the most dominant. 
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According to the overall correlation coefficient, the 
weekly pneumonia incidence in 2017-2019 had a 
significantly positive correlation with climatic variables 
(actual vapor pressure and relative humidity) and a 
significantly negative correlation with PM 
concentrations (PM2.5 and PM10). The variable used for 
PCA in 2017-2019 was relative humidity (RH) to 
represent the humid condition in the wet season and 
PM2.5 which had a greater correlation with pneumonia 
compared to PM10. 
 PCA was performed to eliminate 
multicollinearity between RH and PM2.5 which had a 
significant negative correlation of -0.629. The 
component used was only PC1 which represented 81% 
of the total pneumonia incidence. PC2 had an 
insignificant correlation with the incidence of 
pneumonia. The equation obtained is: Pneumonia = 
17.046 + 1.990 PC1, which then transformed back in the 
form of pneumonia regression equation with RH and 
PM2.5 as follows: Pneumonia = -43.967 + 1.4 RH – 1.413 
PM2.5 and then plotted into a 3D-surface plot (Figure 
5a). The results of the 3D-surface plot showed that if 
humidity reached 80% and the PM2.5 concentration was 
relatively low (<15 µg/m3), the highest incidence of 
pneumonia was around 40 cases. This showed that 
humidity was mainly influenced pneumonia incidence 
in Bogor. 
 
Figure 4. Monthly pattern of: (a) rainfall, (b) PM2.5 and PM10 consentration, (c) near-surface air temperature, (d) 
relative humidity, and (e) pneumonia incidence in Bogor in 2017-2019 period.  
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 Table 1. Correlation coefficient (r) of pneumonia incidence with climate factors and PM 
concentration. 
  RH Rainfall T ea PM2.5 PM10 
MAM 0.18 0.40 -0.43 0.01 -0.44 -0.42 
p_value 0.237 0.009 0.005 0.945 0.003 0.005 
SON -0.54 -0.14 0.35 -0.51 0.58 0.59 
p_value 0.003 0.488 0.072 0.007 0.001 0.001 
Note: correlation was performed in a weekly period 
The effect of PM on pneumonia was analyzed in 
SON months using PCA on the actual vapor pressure 
(ea) and PM2.5 concentration. PCA was performed to 
eliminate multicollinearity between ea and PM2.5 which 
had a significantly negative correlation of -0.508. The 
component used was only PC1 which represented 78% 
of the total pneumonia incidence. PC2 had an 
insignificant correlation with the incidence of 
pneumonia. The equation obtained is: Pneumonia = 
13.583 – 2.584PC1, which then transformed back in the 
form of pneumonia regression equation with ea and 
PM2.5 as follows: Pneumonia = 6.993 – 1.827ea + 
1.827PM2.5 and then plotted into a 3D-surface plot 
(Figure 5b). The results of the 3D-surface plot showed 
that if the actual vapor pressure was low and about <19 
hPa and the PM2.5 concentration reached 40µg/m3, the 
highest incidence of pneumonia occurred which was 
around 40 cases. This showed that PM2.5 had a more 
dominant influence during the dry period, especially in 
SON months (the transition season from the dry to the 
wet season). 
According to Griffiths et al. (2017), the response 
of a toddler's body to pneumonia infection can be 
influenced by climatic variables through the respiratory 
tract sensor's sensitivity to weather changes. The 
incidence of pneumonia in the wet season is not 
directly affected by rainfall but influenced by the 
consequences of humid conditions, namely the 
increase of viruses growth and development, bacteria, 
and fungi which are dangerous when being inhaled (Ike 
and Mbonu, 2019; Jati and Ginandjar, 2017). The spores 
of atmospheric fungi and bacteria are varied in size, 
ranging from 1-10 µm (Gonzalez-Martin, 2019) which 
allows them to enter the respiratory tract. According to 
Adaji et al. (2019), indoor pollution during the wet 
season can also affect pneumonia incidence in children 
under five. The effect of indoor pollution including 
microorganisms is unidentifiable because it is unable to 
be measured by a standard PM gauge placed in an 
outdoor measuring station. 
The result showed that pneumonia incidence 
may also occur in the dry season was in line with 
Cahyadi et al. (2016) and Hidayati et al. (2017). 
According to Tam et al. (2014) and Sahuquillo-Arce et 
al. (2017), in the dry season, the population of 
microorganisms causing respiratory infections did not 
grow rapidly due to dry conditions caused by lower 
humidity. However, when the humidity is low, the 
infection can also easily occur because mucosal fluids 
as a PM filter will be easier to dry so that more PM can 
be inhaled. High PM concentrations in the respiratory 
tract will lead to oxidative stress (when the number of 
free radicals in the body exceeds the body's capacity to 
neutralize them) resulting in tissue destruction. The 
damaged tissue will be more easily infected by the 
disease-causing viruses and bacteria combined with 
PM.  
 
Figure 5. The 3D-Surface plot of (a) the Pneumonia incidence, RH, and PM2.5 in 2017-2019, and (b) Pneumonia 
incidence, RH, and PM2.5 in transition season (SON). 
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The main factor causing pneumonia is the 
infection of microorganisms (bacteria and viruses) on 
the respiratory tract and organs, but the presence of 
microorganisms is not always related to pneumonia 
(Quinton et al., 2018; Sun et al., 2019; Suprobowati and 
Kurniati, 2018). Nevertheless, the infection also 
depends on the body conditions and its response to 
these microorganisms. Pneumonia microorganisms can 
spread through droplets from an infected person which 
are then inhaled or attached to another person's 
mucosal tissue. When microorganisms have entered 
and attached to the respiratory tract, these 
microorganisms will break into cells to multiply 
themselves using existing facilities in the cell then 
destroy the cell and move to another cell. The epithelial 
cells will then detect this activity and instruct the body's 
defense system (alveolar macrophages) to eat these 
microorganisms so that their proliferation and damage 
to cells can be immediately stopped. Pneumonia occurs 
when inflammation due to the inability of the body's 
defense system to fight microorganisms does not 
recover for a long time. 
CONCLUSIONS 
PM concentration in the atmosphere was mainly 
influenced by relative humidity with a correlation 
coefficient of -0.76 for PM2.5 and -0.71 for PM10 (with a 
95% confidence level). High rainfall and relative 
humidity during the wet season reduce PM2.5 and PM10. 
The trend of pneumonia incidence under 5-year 
children in Bogor in 2017-2019 had increased. The 
incidence of pneumonia reached 40 cases when the 
humidity was around 80% and the PM2.5 concentration 
was relatively low (<15 µg/m3). The PM2.5 concentration 
significantly affected the incidence of pneumonia in the 
transition season from the dry season to the wet season 
(September-October-November). The PCA results 
showed that the incidence of pneumonia in the dry 
season was also quite high, reached 40 cases when the 
actual vapor pressure (ea) was low (<19 hPa) and the 
PM2.5 concentration reached 40µg/m3. 
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